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ABSTRACT

We propose to use the 1,75 mr neutral beam in the

Meson Labd to study the reaction |

n+ A N* + A
’ l.;.(p + TT.-)

for targets with as large a range in atomic weight as

‘possible (e.g., hydrogen throuch lead) and incident neutron

energies from approximately 80 to 200 GeV. The aim is to

study

(1) the cross section vs. energy and mass for (pm ) masses
from 1,08 to approximately 4,7 GeV,

(2) The 2 dependence of the cross section from which in-
formation on N* total cross sections in nuclear
matter can be extracted,

(3) the t-dependence which, for the lighter elements,
gives information on nuclear structure parameters,

(4) angular distributions of the decay products from
which information on gquantum numbers of  the N* and
the exchanged particle can be extracted,

This experimént would be a natural extension of a similar
experiment carried out by our group at the AGS last sumner.

The experience gained in the AGS experiment will be very

valuable in designing an experiment for NAL.
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:I..'Introduction
In the past few years cocherent prodpction brocesses off
‘nuclei have become the subject of intense experimental and
theoretical study., Such processes are typically only possible
with very high energy beams and the extension of these studies
to NAL eﬁergies is of great interest. The requirement that
the target nucleus remain intact and ;n its ground state for
coherence considerably restricts the quantum numbers of the
particle exchanged between the beam particle and the target
nucleus, thus making such processes amenable to theoretical
analysis. Nevertheless there is at present relatively little
data to confront the various theories,l and our understanding
of these processes is Sﬁill limited. Recent reviews of the
current situation have been given by Bingham2 and Morrison,

Beams of neutral particles (v, K°, n) are rather convenient
for studies of coherent production because they can dissoéiate
into two charged particles. We propose to use a neutron
beam with a broad energy spread (£ B0 to 200 GeV) to study
the process

n+ A~ N*¥ + A

where the N* is any excited state decaying into p+m . The
angular distribution of coherently produced N*'s is strongly

peaked forward. If t is the four-momentum transfer to the
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nucleus squared, then the t-distribution is roughly exponential,
i.e.,

dg bt
3t
where b = 10 A2/3(GeV/C)—2

For reasonably small N* masses the opening angle of the

-

(n p) Pair is rather small. {Typically,eop% Zﬁn*?él /P
where m* is the mass of the N* in GeV and p the incident neutron
momentum in GeV/c.l It is therefore possible to use a
spectrometer with rather small aperture to detect both the p and
7 . If the vector momenta of the p aﬁd m  are measufed all the
relevant kinematical quantities can be determined; these include
the momentum of the incident neutron, the N¥* mass, t'=t-~tmin
= pi), fhe dec;y'angle,'and the angle Qf the decay plane
relative to the production plane. The fit is with zero con-
straints. However the requirement that ﬁhe t'~distribution
must show a sharp peak whose width 1s characterized by the
nuclear radius provides a means of estimating noncohérent
background. Oﬁr experience at the AGS éhows that it is indeed
possible to obtain a clean signal. This will be discussed in
- the next section.
II., The AGS Experiment
The AGS experiment was completed last August. The data

analysis is well underway, but no results have yet becn published.



'No other group has studied this reaction, We therefore present
here a brief discussion of scme very preliminary results to
serve as a framework for our proposal to extend these measurements
to NAL energies. Most aspects of the experiment scale readiiy
to higher energies. Cross sections are expected to remain
roughly constant between 30 and 200 GeV/c., The range of N¥*
masses available is of course larger at higher energies.4 In
many respects the experiment is easier at higher energies;

The circumstances of the AGS experiment were somewhat
unusual and deserve explanation., The experiment was undertaken
without official approval upon completion of an approved
experiment to study n-p charge exchange, The setup,.tuning,
and data taking of the diffraction disscciation experiment
were carried out in a total calendar time of about three weeks,
The experiment made use of equiprent from the charge-exchange
experimrent which had to be rearranced,

,Despite the severely limited running time and simple
triégering arrangemnent we were able to record ~106 triggers

Cu, and Pb. About 10% of the triggers

with targets of C, CH2,

reconstructed to give (7 p) events with t and m* in the desired
range. The experimental arrangement used is shown in Fig. 1.

The target was surroumﬁed by an anti~cognter except for a small
hole in the forward direction, Tﬁe trigger was PlX

N in
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coincidence with either LlRl or L2R2.‘ Event'rates were limited
only by the spark chamber recovery time, Trigger rales greater
than 30 per burst could easily have been obtained.

Figure 2 shows the uﬁéorrected incident neutron spectrum
reconstructed from the carbon data. Figure 3 shows tﬁe dis-
tribution in t' for the carbon and lead data. The backéround
under the coherent peak is £ 20% for carbon and somewhat less
for lead. This may be reduced somewhat as the analysis proceeds,
The exponenﬁial slope of the background is #= 10 (GeV/c)-z, in-
dicating that it is probably due to incoherent productibn from
individual nucleons. The exponential slope at small t' for
carbon is = 49 (GeV/c)_z, about that expected. For lead it is
= 233 (Gev/c)_2, which is considerably smaller than the expecte:
value of approximétely 350(Gev/c)—20 This is due at least in
part to the smearing out of the peak by bothlthe experimental
angular resolution and coulomb scattering in the lead target.
This emphasizes the need for good resolution and thin targets
to reduce this smearing and thereby minimize the background
under the coherent peak.

Figure 4 shows preliminary (1 p) mass distributicns for a
sample of our data with carbon and lead targets for events in
the coherent peak. No well defined peaks appecar. As has beoﬁ

- 3 . 5 -~ . q - . 3 L -
observed in p-p experiments” the mass distribution 1s dominated
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by a-broad peak at low masses. The requirement that the re-~
coil nucleus remain intact puts a limit on the maximum
momentum that can be transferred to the mucleus and sets an
effective upper limit on m*, If we take Poax = mﬂ/Al(3, for
25 Gév/c incident neutrons this is £ 1,95 GeV for carbon and
£ 1,4 GeV for lead. This pértially explainé the paucity of
events with masses of this order in the data samples presented,
although for carbon the mass distribution falls off Ffaster than
would be éxpected from this kinematical effect and the geo-
metrical efficiency of the apparatus.

No evidence for a peak corresponding to the A(1236)
can Ee seen in the lead data. It should be possible to produce
isospin 3/2 states by photon excharge. The cross section for
A(1236) productioﬁ shoula therefore vary as Z2 and 1is expected
to be sizeable for lead. The cross section for A(1236) pro-
duction by inciden£ neutrons has been calculated explicitly by
Nagashima and Rosen.,6 It may be that when the data analysis is
further along, some evidence for A(1236) production will be
seen but at present there 1s no sign of it,

We are presently studying the angular distribution of the
N* decay products in both the Jack§on and helicity frames. This
should provide information on the quantun numbers of the
states involved, Preliminary results indicate that neither s-

~

channel nor t-chammel helicity is conserved, in contrast to
d I3
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results obﬁained_in several other reaction§;7: Further results
from the AGS experiment will be forwarded as soon as they are
available.

III. The Proposed Experiment

A, Purpose

On the basis of our experience at the AGS we have a
pretty good idea of what to expect at NAL energies; It will be
possible to study a much larger range of m* in the NAL experiment
(up to aﬁproximately 4.7 C2V with carbon targets and 3 GeV
with lead). It is possible that well-defined peaks will show
up in the mass spectrum at higher energies. However even
without such peaks the mass spectrum and angular distributions and
their variation with energy and atomic weight are of great
interest.

The chances of seeing a clean A(1236) peak from Coulomb
dissociation at higher energies seem relatively good. The
total cross section for producing the A(1236) 1s expected to
increase by about a factor of five between 25 and 170 GeV/c
(Ref. 6), Diffraction dissociation by "Pomeron" exchange is
expected to remaln failrly constant at higﬁ energies_(dgpending
spmewbat on the model chosen), so it may be easier to see
couloﬁb production of the A(1236) at NAL energies,

Perhaps vne of the most important lessons of the AGS



experiment.is that one would like to obﬁain_a really large
number of eyents.(> 10 times the number optained in_the AGS
experiment). This is basically because we are Einning in a
’multidimensional_space (inéident neutron energy, N* mass,
atomic weight,...). To determine the quantum numbers of the
_stafes ihvolved it is necessary to study the angular distri-
bufion gf the decay broducts for small ranges in m* and t'.
This requires.a large number of events and sensitivity over as
large a range of angles as possible,

Basically then the purpose of the NAL experiment would be
to obtain good statistics over as large a range of the relevant
variables as possible. From this we hope to determine the
following:

1) The energy dependence of the cross sections

2) The A dependence

3) The dependence on N¥ mass

4) The dependence on t'

5) The angular distributions of the decay products vs.

mass and t'.
So little is known about these processes at present that it is
hard t~ predict exactly where the most important physics lies.:
It seems recasonable to expect that such information will go
a long way in furtﬁering our unaefstanéiﬁg of coherent produ

processes,
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B. Experimental Arrangement

We propose an experiment generally similar to the AGS
experiment, but with considerable refinement in the experimental
technique and at least an order of magnitude more data. The
detalls of the experimental arrangement depend to . a large
extent on the avallability of magnets for the spectrometer.
If larger magnets are not available we envision an arrangement
that would use two 24" x 72" magnets8 with two slightly
different configurations. For relatively small N* masses

(m* £ 2.0 GeV), we would probably use a setup similar to that

used at the AGS shown in Fig, 1 with distances along the beam
direction scaled by a factor of approximately 6 and with two i
24" x 72" magnets. For larger masses a setup like that shown

in Figure 5 would be more appropriate, To cover the desired

range of M* and decay angles the magnet currents and target-
magnet”spacing L would be varied in steps. Rates are expected

to be quite high so the small solid angle subtended by the 245

x 72" magnets 1is tolerable, but larger magnets would obviously

be preferable to reduce bilases and allow a more complete

coverage of masses and decay angles. The setup shown does

have the advantags of flexibility. If a particular mass

region turns out to be interesting it can be studied in more

detail,



The propbsed arrangementé are not optimized and should only
be considered as representative, Detaills would be worked out
in consultation with NAL staff, A fairly modest setup is
‘envisioned, since the experiment i1s basically exploratory in
nature. Our requirements are summarized below:
Beam - 1.75 mr neutral beam. Neutron flux ”10§/burst
Magnets - Two 24" x 72" (or‘larger)_magnets for spectrometer.
Targets - Most of the running would be done with solid targets.
A hydrogen-~deuterium-helium target x 12" long may be used
if available.

Machine time -~ ~300 hours tuneup, 400 hours running.

Other Reguirements - A long spill is important since rates

will be(limited by chamber recovery time. A modest amount of
fast electronics from the electronics pool will be sqﬁght. The
spark chambers, on-line data acquisition electronics, and
scintillation counters will be provided by the University of
Michigan out of funds from an existing contract. Some use of
an NAL computer for preliminary offline data analysis would be
desirable,

scheduling - We would hope to follow the Ohio State-Michigan

State np charge-exchange experiment (§f12) in Beam 24. Our
proposed spectrometer is very similar to theirs. We could

use the same magnets and possibly other apparatus.



Footnotes and References
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Sepﬁ. 1970; CERN Report D,Ph, II/ PHYS 70-64,
The condition for coherence is that
qga sl
where g is the momentum transferred to the nucleus and a

] J 1 3 . .
is the nuclear diameter, a = 2A / /mn. The minimum four-

momentum transfer squared tin is

1

e, P2 m? o nl)/2p”

min
where p is the beam momentum. The two relations lead to an

effective "threshold" momentum for producing a given m¥*,

2 2 1/3
~ ®< .
P ~ (m mn) A /2mﬂ.

th
W. E. Ellis et al., Phys. Rev. Letters 21, 697 (1{68),.

F. L. Berger, Phys. Rev. Letters 21, 701 (1$68).

Y. Nagashima and J. L. Rosen, Univ. of Rochester Report

UR-875~295, Ncv, 1969 (unpublished).



H, H. Bingham et al., Phys. Rev. Letters 24, 955-(1970).
J..Ballam et al., Phys. Rev. Letters 24, 960 (1970).

J. V. Beaupre et al., Preprint, CERN/D. ph, II/PHYS 70-65
G. gg;oli et al,, Preprint, Univ, of Illinois, C00-1195-204,
Two 24" x 72" magnets will also be.used in the Ohio State-

Michigan State np charge-exchange experiment which we hope

to follow in the neutral beam.



ol
Al
¥
-~ - ~ - —~
TYEUTT S ae Tyl ey ot
I i ] 3 < ! o — ey f ,\_,lm.tﬂ\

“\/
/.. A..,;..).«:....Mﬁ \cv L,,..m.w W L Uz..m\,\,/ SN

L/
# Y/
il K
w fi i ,
== ‘ i 15 ~,
/!l..w *M L a.w ,
RS i ; [
i ~{1 i ¢ ) i
E T~ i P _ H
§ i / A "
? Vi i ! ;
i Yy j
w i {
I3
i
{

snd R SOy 5O «.\,\O\Amq



)
o

"
N
al
N
o
o™
“
"
-+
-
>,
~
i

rm.J

r_._J"" -

lwm.‘

[:1._*;.,.“. e

PO

. . o ~ f \H,\
S ot s Lo OS5 S
s D B S R Rl N i P

i ' i

— !

IL.\llL i |

™

L |

o

[ i

s :

I

1

I
&
S

T
EW“T

C

I\ i
Mo
o :
o i
sooby :
- w
Y
t
W wA(S.Qy\
i b e
.ﬁ. <~ i
] =
! =
i @
P
_
| i
m, g .”
Lo |
t o by
: i
i
i

!
1
C

O e A
‘Wre:\.& B.L e ,.\..\ P MALAL
CQD(JV ongs Uedlnd

PoDRssos U
' i )

~

- {
.N m«..\..Dhllw
- —h



r—”_

=

-

F
RS ——

Sy
N S i i
N
— ]
——d
o
L
g1
oyl
BRI
3 — [
L ¢ fed
I_QIJ;
-
I
,\I...fl-
1
!

I
j S
-

b —
! 2k
i i
S
! i L
P

Lo

¥

Li

4Ty IA\ -7

NS B

AN - - PR
OADR 20300 J10 7 YA AL
\.Nw 4B WO ’ AR b
] y
WAIDAL DS Vwilinou

. ; ;

CT:
<
oy,

O
[
o~

O
<



7
; . o B —- - - ¢
AV LC0 L ONR N H 0 2N, Z00 10°0 O
[ | } i i 7 7 i
! _
1 —
L P :
| H -
4 i “»\H
M ! b
. . P
I bl
M...“.!., - . .
1o it i .u
$ T ! I o~
_ i b ! - .
= Mwmw A,m v H M, ~'7
” RN i N el B :
- S L “ 4.
N ry i A —_ H R ;
] s LT M
L i o P #w i — i
! H i ! } ; '
- Co L M L
1 i ,
. B .
i ‘_m w\.,ww:l”,q -
i
wa i :
—d L :
S
.
Ny T - ;
.“\mr&l.,..x\\\w ° —, .a‘.,
J 1

/,N =t ..._M\,S i s QM‘..
Qoolmb Lou. wol LogJ T,Qwu .

fm.;.u Mm.l é?,:.m 0 m..\u,» A



,A,A,U \\/ U@ v / \_r B

20’0 LOO v GO0 200 400 CCO OO 10°0 O

e e T T T e T e I A M..,i,:-,,i.,;.‘7,.,-.%,1.11}
ORI ! 1
ERE b
v P
m i it I
.
_ Lo T
| n
4 w Iy { :
| n - -
A ' Lo
Lo w b
Lo AN N
IR | oo i A - ,
{ m Coreob b i
! : { AR S S e S S ! m
. i ' A T T L ;
i . ; R b | { : ¢ -
| - “ Cotd oy
I ! i h] IS I S S T T O A :
IR ! w DS i
LA ERE A w SRR u
i [ ¢ H H . MR I
wl _Jwi_t Fm T:LM In i R ERE P
| m | m , . by
| 2 | ! SR M Pl
P i ! ! ; P !
L WL L —_— ! EER R R .
B . NEEE: TR EREl I ,”
F o P C T h
P [ p pd “ ,w
K R
- . e
Lo
b

G | C . o
HETALGNS PUOOU Byoeg N0 LD Loy P
‘ N I 7! / \P ! —- H

mmmur\. Lo,um, S.u\*bmﬁ@*w.\\u b..w

{ _ ;
T ~ 1y D¢ . AU R T FSRE I
fxm m s \J N m ﬂ/ ” ! ERRE

[



.

\n

.
\,Uﬁﬂ:_ ¥
~ -

i

/
7

/

—
1

!

'i,_..'.-a.—A._.,_;‘_‘-...-A.. .

po e
| RN

et

e

R

|
{
“

]
|
H
M

—

!

~—

A\‘l.
S
P
LR
'
: ~
- 7
R
¢
¢
—_ Y
o/
i
1
i
'
¥
Y
—
it
i

00/

r - J 27 My
ST
' N L



/I L .\ .‘.4 A A ; 7 |“A|
N T . o - Ty FREN ‘ o~ <
R o2 N R 9 e oLl g -
pTe T Sy L \ \. o -
t v i — , u
- e I A i /
i) W_J r Lot
- R t!
- P [ : 3
~ £ I kel '
- SRR — [/ »
~ S T b ; :
- (I Cod w‘ PR
- 1 - i -0l
T~ = P | :
~ - ool 4
~ ; _ !
H .
~ o ..\_h
™~ P ;|
¢ ™~ N i
iy ' - P : £y
m.JJ‘T@Q,.&ﬂ.Q _4\ UrO 7~ “ i M — U
. i ’ - S i !
XUEM.GT_\_.T Uet uU+UD BALLO T o~ L L : N
IRl g YR Y ~ | w
' . If_m m i :
I ; ;
S { .
P ,“,
P ; b
Pt el %
Pl :
2l W
s ;
o
J.f.‘t.,
j
C ATy
— Y
i
!
2o
\\/uwv. s00°0 > - !
y ~
~

/

L tl-'-{')/\



Lm\bu.~ mkm,& o wof

ALl scle

o
N r

™
TN IALD Y oPL
TRICD S o
{ H
4
D »
'S ‘s
=

et A
w &- HON

[E XS SRR Ree e
Al A H
IR T Dy
i
S
(vl or-2) e
r

LU

. ;wZH. T T

- ;oA
it 7 A i \,r\ .
A .Qb@b

Q«w,\wm:.fwc.ﬁum

p
Lobh FUDWT U

=

SR EA IV NV I 4

= DM
=Q

ST
" —d

T /N 7 Db o1
s \ { 2 "
N\ 2 o [
- &z e LT T J..\
N A R T T
i - L R NN L ray e
! ! _ _ i -~ - e T T rw \ufnr,.'u‘. VYN -]
R | I | Z
| ‘ “ [, vy SOS L

m ’ AL
4 f
4 IgUe gl

£




THE UNIVERSITY OF MICHIGAN
ANN ARBOR

THE HARRISON M. RANDALL LABORATORY TEL. NO. 313-784-4437
OF PHYSICS

June 25,'1971

Dr. R. R, Wilson, Director
National Accelerator Laboratory
P. 0. Box 500

Batavia, Illinois 60510

Ref. Proposal 112
Dear Dr. Wilson:

As Dr. Kreisler recently promised, I am enclosing a
preprint of an article with results of our A.G.S. experiment
to study neutron diffraction dissociation and Coulomb
dissociation.

I had noted earlier that our A.G.S. data seemed to be
in disagreement with the calculation of Nagashima and Rosen
of the Coulomb dissociation of neutrons to the A(1236).
That mystery has been cleared up by our recent realization
that the peak of the A(1236) is badly distorted by dynamic
factors and shifted to lcwer masses. We now believe that
our data agree with the theoretical predictions both in
shape and absolute magnitude.

I should emphasize that this development does not
affect my criticisms of Rosen's proposal to study neutron
total cross sections and n diffraction dissociation. The
basic problem in the former is the low ratio of coherent
events to triggers (which is unlikely to change materially
between 25 and 170 GeV). In the latter it is the imposs-—
ibility of distinguishing n =+ m7+p events from W -+ wt+p
with a zero-constraint fit.

In a certain sense I believe our objections to Rosen's
experiment are strengthened because the Coulomb dissociation
appears as expected and there is little reason to study it
further (at least at N.A.L. energies).

I might also point out that in retrospect the greatest
shortcoming of our A.G.S. experiment was its lack of coverage
of a large range of decay angles (because of limitations on
running time and equipment). This suggests the need for a

Py
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Dr. R. R. Wilson
June 25, 1971 Page 2

relatively large solid-angle spectrometer or the use of
several geometries (or both) in an N.A.L. experiment. This
is also in line with our firm belief that an N.A.L.
experiment should emphasize the large N* mass region
accessible only at N.A.L.

Sincerely,
Michael J. Longo

MJIL:aa

~P.S., I think it reasonable that the enclcszed preprint be
considered an appendix to Proposal 112. I am
therefore sending a copy to Don Getz.

cc: (D. Getz:
N Kreisler
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ABSTRACT

We present preliminary results of a spark-chamber
experiment to study the reaction

ntA 4 (p+m )+4A

where the (pT ) pair is produced coherently off the
nucleus A. A 0° neutron beam derived from a beryllium
target in the external beam of the A.G.S. was used. The
mean effective momentun of the neutrqns was about 23
_GevV/c. Férward—going (p ) pairs were detected in a wire
spark-chamber specfrometer aﬁd the momentum and angles

of each particle determined. The Qbservance of a sharp
forward peak (of width appropriate to the nuclear radius)
indicated that a large fraction of the events were
produced coherently.

Mass spectra for coherently produced events with
carbon, copper, and lead targets are presented. The lead
data show a peak at low masses due to Coulomb production
of the A{(1236). The most strikihg result of the expe?—
iment is the léck of any appreciable production of the

well-established I = % nudleon isobars.



We have carried out a spark-chamber experiment to study

with good statistics the reaction
ntA + N*° + A =+ (p+7 ) + A (1)

where the incident neutron dissociates into a (pm ) pair in
scattering coherently off a nucleus A. 'The experiment was
exploratory in nature sihce this processb has never been observed
with nuclear targets.; We present here our results for carbon,
copper, and lead targets. The neutron beam, with a mean
effective momentuﬁ of about 23 GeV/c, was taken off at 0° froml

a beryllium target in the external proton beam of the Brookhaven
AGS. The data discﬁssed in this afticle'were taken with a

proton momentum of 28.5 GeV/c.

The experimental arfangement is shown in Figure i. The
neutron beam with a diameter of approximately 2.2 cm was incident
on the carbon, copper, or lead térget. Thé target\was surrounded
by a rather complete anti shield (shown only schematically in
Fig. 1) whose function was to veto events accompanied by charged
particles o£lphotons. A hole in the shield permitted charged
particles produced near 0° to entér the spectrometer. The
speétrometer consisted of a single 30"x72" magmgt with a 6" gap
and IBdL = 36 kG-m. The mégnet was preceeded and followed by
pairs of wire chambers. Each chamber had wire planes with
horizontal wires, vertical wires, and +45° wires so that a total
of 16 coordinates were recorded per track. The chambers had a
magnetostrictive readout with electronics capable of digitizing

four sparks per line.
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THE UNIVERSITY OF MICHIGAN |
ANN ARBOR : |

THE HARRISON M. RANDALL LABORATORY TeL. NO. 313-764-4437
OF PHYSICS

May 10, 1971

Dr. Frank Cole

National Accelerator Laboratory
P. O. Box 500

Batavia, Illinois 60510

Dear Frank:

Please note that Dr. Michael N. Kreisler of Princeton
University is to be added to the list of experimenters on
Proposal 112, Neutron Diffraction Dissociation and Coulomb-
Dissociation from Various Nuclei., Dr. Kreisler will also
replace me as spokesman for the experiment. Effective
immediately, any correspondence concerning the proposal
should be addressed to him at Princeton University.

Sincerely,

fZ&ACJZuaglcf( ;é;f?zr’
Michael J. Longo
-MJL:aa
cc: M. N. Kreisler

-R. R. Wilson
J. Sanford
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lL2R2A or P1L3R3A and

was purposely Kept simple to facilitate efficiency calculations.

The triggering requirement was P

About 16%.of the triggers contained two tracks from particles
of opposite sign which appeared to come from the same point in
the target. The spectrometer had a resolution of approximately
1.2 mr in the opening angle of the péir and a momentum resol-
ution of +1.5% at 15 GeV/c.

Each two-track event was fitted to the hypothesis that it
was from the reaction given in Eqg.(l). Since the'magnitude of
thé momentum of the incident neutron and the vectqor momentum of
the recoil nucleus (or its fragments) were unknown, this is a
zero-constraint fit. However the observation of a sharp forward
peak of width appropriate to the:size _of. the nucleus shows that
the nucleus acted coherently and recoiled in a well-defined
state for a large fraction of the events and that the contam-
ination of the sample by processes other than (pm ) production is

small. Figure 2 gives the distributions of the events in

t* = (t—tmin) for carbon and copper targets where t' -pf and
2
~ 2 2 R \ . \ . .
~ _1 - i -
tmin = ﬁ[(mpn mn)/an . A straight-line extrapolation indicates

that incoherent backgrounds under the coherent peak are <30%,
and the slopes are about those expected for these nuclei.

The momentum of the incident neutron can be calculated for
each event [assuming reaction (1)]. Most of the events corres-
pond to neutrons with momentum between 18 and 29.4 GeV/c with a

mean momentum of approx. 22.8 GeV/c.
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The (pn_) mass distributions.obtéined with carbon, copper
and lead targets are shown in Fig. 3. The “target-out" back-
ground, typically about 30% of the total sample of events, has
been subtracted. The geometric efficiency of the apparatus is
also shown. The efficiency is almostiindependent of t' over the
range studied and was determined from a Monte Carlo simulation
which used the experimentally observéd angular distribution
for the decay of the "N*", The decay distributions were found
to be anisotropic in the N* c.m. system. This makes it difficult
to estimate the abs?lute efficiency of our apparatus accurately
since the efficienc§ varied strongly with decay angle and the
éngular distribution outside the region in which we are sensitive
is unknown.2

The mass resolution of our apparatus is typically +10MeV at
1.2 GeV. This was calibrated by iooking at ete” pairs produced
from a lead target by the small contamination of high-energy
gammas in the beam.3 The most striking result of the experiment
is the apparent absehce of any of the well-established I = e
nucleon isobars in the mass distributions.4 This is true for
all the nuclei studied over the entiré range of four-momentum
transfers within the coherent peaks [i.e., -t éO.O4(GeV/c)2 for
carbon, ~-t' & .02(GeV/c)2 for copper, and-t' < .Ol(GeV/c)2 for
lead]. From the carbon data, assuming a smooth background,_we
can place upper limits on N*(1470) and N*(1688) of approximately

6% and 5% recsrectively of the total sample of events.



.

The total cross section for coherent dissociation into
(p ) systems with masses between 1.078 GeV and 1.50 GeV is
estimated at 1.1 mb, 2.5 mb, and 3,3 mb for carbon, copper,
and lead respectively with a systematic uncertainty ~+20% in
+100%"

_ 407) in the absolute cross

sections because of the uncertainty in the decay distributions

the relative cross sections and -~ (

as discussed above.

The observed mass spectrum for lead shows a strong peaking
at low masses. This can be accounted for by Coulomb dissociation
of the neutron into the A(1236). Since the Coulomb productioﬁ
varies as 22 it is expected to be small for copper and negligible
for carbon.5 The shape of the A(lé36) is badly distorted by
dynamic factors and the peak is shifted to 1180 MeV. The
dotted curve in Figure 3¢ shows the expected shape fof Coulomb
production of the A(1236) from lead as calculated from formulas
in Ref. 5c using experimental data for pibn rhotoproduction.

A noncoulomb background similar in shape to the carbon data has been
assumed as indicated by the light line in Fig. 3c. The agreement
between the observed and calculated shapes for lead is excellent.
About one-half of the events from'lead are due to Coulomb
production, and the observed Coulomb production cross section
agrees with that expected to within a factor of two. As

expected (Ref. 5), the data for lead for masses <1.3 GeV (where
Coulomb production dominates) show a sharper t' dependence than

that for masses >1.3 GeV (where diffraction dissociation dominates).
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It does not. seem possible to explain our carbon data in
terms of overlappiﬁg resonances at 1300, 1470, 1520, and 1690
MeV as suggested by Morrison,6 although a large number of over-
lapping resonances obviously cannot be ruled out. Our results are
generally consistent with the picture that the diffraction diss-
ociation is dominated by a "Deck efféct" mechanism7 in which the
incident neutron virtually dissoeciates into a (pm ) pair and
either the proton or pion.scatﬁers diffractively off the nucleus.
This mechanism produces a broad enhancement of low masses in
agreement with our results. The solid curve on Fig. 3a is from a
Monte Carlo calculation based on such a model.8 This picture also
predicts anisotropic angular distributions in the rest system of
the (pﬂ—), again in agreement with our data.9 Furthermore our mass
distributions for carbon show little change in shape over the
momentum range 15 to 29 GeV/c, again in agreement with the broad
peak being due to a Deck-effect type of mechanism. (This also
proves that the falloff in the mass spectrum above ~1500 MeV is
not due to' a kinematic éfféct resulting from the increase of

. | with increasing mass.)

|t
min

In summary we have observed Coulomb dissociation of high-
enerqgy neutfons into the A(1236) off a lead target with a cross
section about that expected. At neutron momenta .25 GeV/c the
coherent diffraction dissociation off low Z.nuclei proceeds almost
solely through nonresonant dissociation with no appreciéble pro-
duction of isospin % nucleon resonances.

It is a pleasure to thank Norman Alders for his help in

setting up the experiment and Thomas McCorriston for his assist-

ance in measuring the neutron beam intensity.
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Figure Captions

Schematic of experimental arrangement. Note different
horizontal and vertical scales.

Distributiqn of events with t' for carbon and copper
targets. "Target-out" background has been subtracted.
The straight line is hand-fitted to the data at small
t'. Expected values of b are'::~¢:53(GeV/c)_2 for carbon
and ;a@gB.GO(GeV/c)“2 for copper.

Mass distributions (events per 10 MeV) for the pm
system observed with carbon, copper, and lead targets.
The efficiency of the épparatus vs. mass, shown by the
dashed curve in (a), has not been unfolded. The curves

in (¢) are explained in the text.
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